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ABSTRACT 

Introduction: Despite the established relationship 
between physical activity and health, data suggest that 
many children are insufficiently active, and that levels 
decline into adolescence. Engaging the family in 
interventions may increase and maintain children's 
physical activity levels at the critical juncture before 
secondary school. Synthesis of existing evidence will 
inform future studies, but the heterogeneity in target 
populations recruited, behaviour change techniques 
and intervention strategies employed, and 
measurement conducted, may require a multifaceted 
review method. The primary objective of this work will 
therefore be to synthesis evidence from intervention 
studies that explicitly engage the family unit to increase 
children's physical activity using an innovative dual 
meta-analysis and realist approach. 
Methods and analysis: Peer-reviewed studies will 
be independently screened by two authors for 
inclusion based on (1) including 'healthy' participants 
aged 5-12 years; (2) having a substantive intervention 
aim of increasing physical activity, by engaging the 
family and (3) reporting on physical activity. Duplicate 
data extraction and quality assessment will be 
conducted using a specially designed proforma and the 
Effective Public Health Practice Project Quality 
Assessment Tool respectively. STATA software will be 
used to compute effect sizes for meta-analyses, with 
subgroup analyses conducted to identify moderating 
characteristics. Realist syntheses will be conducted 
according to RAMESES quality and publication 
guidelines, including development of a programme 
theory and evidence mapping. 
Dissemination: This review will be the first to use 
the framework of a traditional review to conduct a dual 
meta-analysis and realist synthesis, examining 
interventions that engage the family to increase 
physical activity in children. The results will be 
disseminated through peer-reviewed publications, 
conferences, formal presentations to policy makers and 
practitioners and informal meetings. Evidence 
generated from this synthesis will also be used to 
inform the development of theory-driven, evidence- 
based interventions aimed at engaging the family to 
increase physical activity levels in children. 



Protocol registration: International Prospective 
Register for Systematic Reviews (PROSPERO): number 
CRD4201 3005780. 



BACKGROUND 

The relationship between physical activity 
and health is well established; in children, 
physical activity is associated with cardiovas- 
cular risk factors/ ^ body composition (par- 
ticularly waist circumference and fat mass)^ ^ 
and bone health.^ Engaging regularly in 
physical activity has a beneficial effect on 
depression, anxiety and self-esteem, and may 
also be associated with improved cognitive 
performance and scholastic achievement in 
this age group. ^ Despite this, data from 
several countries suggest that the majority of 
children are insufficiently active to confer 
health benefit^ ^; and that levels of physical 
activity decline substantially throughout 
childhood and into adolescence.^ 

Intervention prior to this age-related 
decline (commonly between 9 and 11 years 
of age) may be important to maintain 
adequate physical activity levels. 
Observational evidence suggests that a 
steeper decline in physical activity occurs out 
of school time, particularly at the weekend, 
and so intervention during these periods 
may represent the most responsible use of 
limited public health resources. However, 
the school environment is the most fre- 
quently used setting for researchers trying to 
improve children's physical activity patterns; 
as such, studies have been largely 
unsuccessful.^^ 

A recent National Institute for Health and 
Care Excellence review identified character- 
istics of successful interventions, highlighting 
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those based in the home as most effective in changing 
health behaviours/^ Parental support has been con- 
sistently and positively associated with increased physical 
activity in children/^ The addition of a family compo- 
nent (eg, parent education) to school-based interven- 
tions has also proved to be efficacious/"^ Engaging the 
family may therefore be a promising strategy and may 
support the maintenance of physical activity levels (and 
concurrently avoid an increase in sedentary behaviour) 
at the critical juncture before children progress to sec- 
ondary school/^ 

Currently, only one systematic overview with a focus on 
family-based interventions is available. O'Connor et al^^ 
reviewed literature published before January 2008, con- 
cluding that the large number of pilot studies, and the 
variability in study design and outcome measures, 
restricted insight into how best to engage parents in 
physical activity promotion. Other broader reviews have 
included subsections on family-based interventions, 
reaching similar conclusions.^^ To develop effective 
interventions, a more thorough understanding of such 
studies is required. A brief scoping review identified a 
number of interventions published within the last 
5 years, indicating the need for an update in this field. 
This may include mediation analysis to explore causal 
mechanisms, and process evaluation to examine the 
implementation, receipt and setting of an intervention 
and support interpretation of results. 

A synthesis of existing evidence would inform future 
family-based studies aimed at improving and maintain- 
ing physical activity levels in children. However, the het- 
erogeneity in target populations recruited, behaviour 
change techniques and intervention strategies 
employed, measurement conducted and number of 
pilot studies included, may require a multifaceted 
approach. Well-conducted meta-analyses allow for an 
objective appraisal of the evidence, provide a precise 
estimate of a treatment effect, and may explain hetero- 
geneity between the results of individual studies. 
Meta-analytic techniques are, however, limited to quanti- 
tative analysis, which may not be sufficient to understand 
how an intervention operates. In contrast, a realist syn- 
thesis offers no quantifiable summary of intervention 
effectiveness, but considers the interaction between 
context, mechanism and outcome, exploring 'what 
works for whom, under what circumstances, how and 
why?'^^ Previous reviews in this area have been somewhat 
constrained by these limitations, and therefore provide 
insufficient insight into the complex causal pathways 
that may underpin interventions. 

Combining these two methodologies, using the frame- 
work of a traditional systematic review, may provide a 
more comprehensive examination of studies. The 
primary objective of this work will therefore be to sum- 
marise, using the innovative dual meta-analysis and 
realist synthesis approach, existing peer-reviewed inter- 
vention studies that explicitly engage the family unit to 
increase physical activity in children. 



METHODS 

The protocol is registered with the International 
Prospective Register for Systematic Reviews (PROSPERO) 
CRD4201 3005780. 

Given the multifaceted approach planned, the 
methods for this work will be divided by process. The 
first section will detail overall review methods that relate 
to all studies, including search strategy, study screening, 
inclusion and exclusion criteria, quality assessment and 
general data extraction. The second section, headed 
Realist Synthesis, will outline data extraction and analysis 
procedures specific to the realist synthesis. The third 
section, headed Meta-analysis, will provide complemen- 
tary information related to the meta-analysis. 

Search strategy 

The following databases will be searched for articles pub- 
lished up to and including June 2013, with no limit on 
earliest year of publication: PubMed (title and abstract), 
Web of Knowledge (topic), Scopus (title, abstract and 
keywords), Ovid MEDLINE (abstract), Psyclnfo 
(abstract). The search strategy will be common across 
databases, and will consist of PICO terms; participants of 
interest, intervention, control and primary outcome of inter- 
est. Full details of search terms used will be reported 
using figure 1. 

In addition to database searches, reference lists of 
included full-text articles and personal archives will be 
screened for studies meeting inclusion criteria. Four 
review articles, focusing on interventions in a range of 
settings, have been identified and will also be used to 
source additional studies. 

Study screening 

All retrieved titles and abstracts will be screened by the 
primary author (HEB), and duplicate screened by 
another author (AJA or EvS) . Criteria for screening will 
be refined if necessary, and any discrepancy in inclusion 
or exclusion will be resolved through a consensus discus- 
sion among the three authors (HEB, EvS and AJA). Full 
text versions of selected articles will then be obtained, 
and inclusion and exclusion criteria assessed (following 
the same procedure as for titles and abstracts; duplicate 
screening and consensus discussion between HEB, EvS 
and AJA) . 

Inclusion and exclusion criteria 

Studies will be included that report on interventions that 
(1) have an explicit aim to increase physical activity, (2) 
use the family as the setting, (3) include healthy children 
aged 5-13 years at baseline, (4) report on results from a 
valid measure of physical activity and (5) were published 
in a peer-reviewed journal up to and including June 
2013. Study designs may include randomised controlled 
trials, comparison trials and/or quasiexperimental 
studies. Irrespective of the over-arching aim (eg, to 
reduce weight), if a substantive part of the intervention 
targets the determinants of physical activity, or aims to 
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Databases: PubMed, Web of Knowledge, Scopus, Medline, Psyclnfo 
Search terms 

Population: children OR child OR childhood OR adolescence OR adolescent OR teen OR teenage OR teenager OR teens OR 
teenagers OR teenaged OR "young people" OR youth OR youths OR boy OR girl OR "school - aged" 

AND 

Study design: intervention OR trial OR randomised OR controlled OR comparison OR experiment OR "quasi-experimental" 
OR cluster 

AND 

Intervention type: family OR "family-based" OR parent OR mother OR father OR "primary care-giver" OR guardian OR sibling 
OR brother OR sister OR home OR "home-based" 

AND 

Behaviour: "physical activity" OR "physical activities" OR exercise OR "energy expenditure" OR sport OR sports OR "active 
travel" OR "walking" OR "cycling" 



The following MeSH terms will be used in PubMed: 

1. Child 

2. Adolescent 

3. Family 

4. Physical Activity 

5. Sport 

6. Exercise 

7. Intervention Studies 



Records identified through database searching 






(n 


= 000) 








Duplicates excluded 








1 


r 


► 


(n = 000) 



Titles and abstracts independently screened by 
HEB, AA and EvS 



(n = 000) 



Consensus process: inclusion decision made by 
HEB, AA and EvS 



Titles and abstracts excluded 
(n = 000) 



Full-text articles assessed for eligibility 


(n 


= 000) 




r 


Consensus process: inclusion decision made by 
HEB, AA and EvS 




r 


Studies included for review 


(n 


= 000) 



Full-text articles excluded 
(n = 000) 



Reason 1 


(n = 


000) 


Reason 2 


(n = 


000) 


Reason 3 


(n = 


000) 


Reason 4 


(n = 


000) 


Reason 5 


(n = 


000) 


Reason 6 


(n = 


000) 



Data extraction by HEB, checked by KC 
Quality assessment by HEB, duplicated by MC 



Studies included for meta-analysis: decision made 
by HEB and EvS 

(n = 000) 



Studies included for realist synthesis: decision 
made by HEB, JP and GW 

(n = 000) 



Figure 1 Search strategy for review of existing intervention 1 studies. 
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modify physical activity in any way, it will be included. 
Studies that engage the family as one of a range of set- 
tings, and that isolate the effect by evaluating the 
family-only intervention separately, will be included. 
Studies that do not have a substantive role for families in 
the physical activity component (ie, parent newsletters 
only) will be excluded. Studies that recruited samples 
who were overweight or from the general population (ie, 
whole school or community) will be included, but those 
in which participants were defined as 'obese' (by which- 
ever definition the authors put forward) will be excluded. 
Valid measures of physical activity (either as total activity, 
or during specific periods of the day or week) may 
include those measured in free living by self-report or 
proxy-report questionnaire or diary, pedometer, acceler- 
ometer, inclinometer or heart rate monitor. These exclu- 
sion criteria are definitive, to ensure search results are 
reflective of specific review objectives. Results of the 
duplicate screening will be reported using figure 1 . 

Those studies eligible for general review may also be 
included in the meta-analysis, the realist synthesis, or 
both. This will result in three separate but overlapping 
groups of interventions: (1) studies for general review, 
(2) studies for realist synthesis and (3) studies for 
meta-analysis. Studies that report detailed intervention 
descriptions, or that explore intervention mechanisms 
(either in analysis or discussion), will be included in the 
realist synthesis. Studies reporting intervention effect on 
physical activity (with mean, SD and number of partici- 
pants analysed), in both intervention and control 
groups, will be included in the meta-analysis. Those 
studies that do not meet specific inclusion criteria for 
either realist synthesis or meta-analysis will be included 
in a narrative summary of the literature. 

Quality assessment 

Quality assessment will be conducted by the lead author 
using the Effective Public Health Practice Project 
Quality Assessment Tool for Quantitative Studies; this 
will be duplicated by an additional author (MJMC) and 
inter-rater reliability reported as a percentage of items 
without initial consensus. The Effective Public Health 
Practice Project tool rates studies as 'strong', 'moderate' 
or 'weak', using six scales (selection bias, study design, 
confounders, blinding, data collection methods and 
withdrawals and drop-outs). Studies are then rated to 
give an aggregate overall score of 'strong', 'moderate' or 
'weak' ('strong' if no 'weak' individual-scale ratings are 
designated, 'moderate' if one, and 'weak' if two or 
more). The tool has been recommended for use in 
assessing public health interventions based on accept- 
able content and construct validity. Quality assessment 
results will be reported using table 1 . 

Data extraction 

Key data regarding study participants, intervention 
setting and characteristics, and outcomes will be 
extracted by the primary author (HEB), and checked 
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for accuracy by another author (KG). Discrepancies will 
be resolved through consensus discussion. Descriptive 
data on all studies will be reported using table 2 (table 
headings detail the information to be extracted) . 

REALIST SYNTHESIS 

Procedures for the realist synthesis will be informed by 
the output of the RAMESES Project, which collated 
expert input and evidence review into comprehensive 
guidance and publication standards. The primary 
function of the realist synthesis will be to attempt to 
explain the outcome patterns observed in included 
studies. This analysis will address the key realist ques- 
tions; "what works for whom, under what circumstances, 
how, and why?" 

An initial programme theory will first be developed 
through a consensus process facilitated by GW, utilising 
the content expertise of all authors. This programme 
theory will describe the context and mechanisms neces- 
sary to elicit a specified outcome (namely increased 
physical activity in children). The inclusion of data to 
inform programme theory development will be guided 
by the principles of 'relevance' and 'rigour' (as identi- 
fied by RAMESES output standards,^^ ^^) will then be 
extracted and coded using nVivo qualitative analysis soft- 
ware (first by one author (HEB); and then checked by a 
second author (JP)). For each 'stage' (ie, text box, or 
connecting arrow) of the theory, inferences will be 
made about the possible realist explanation (ie, the 
context within which change may be triggered, or the 
mechanisms which precede change). We will also con- 
sider how context, mechanism and outcome may inter- 
act for specific intervention strategies (eg, goal-setting). 
Where necessary, supplementary data will be accessed 
(eg, adding process evaluation or protocol papers of 
included studies) . 

Data extracted will be mapped against the initial pro- 
gramme theory to identify areas of strength, and areas 
that require further research. The programme theory 
will then be refined to reflect mechanisms that are sup- 
ported by evidence (eg, arrow thickness may be used to 
reflect the relative strength of the evidence, and dashed 



connecting lines may indicate hypothesised configura- 
tions of context, mechanism and outcome). If appropri- 
ate, existing substantive theory to corroborate stages of 
the programme theory will be sought. 



META-ANALYSIS 

Additional data (specific information for total physical 
activity, intensity-specific physical activity or domain- 
specific physical activity) will be extracted for 
meta-analysis, checked for accuracy by a second author 
(KG) . The type of data extracted (eg, relevant model sta- 
tistics, coefficients, between-group mean differences, 
wi thin-group means) will differ according to the data 
reported in each paper. We will also collect the corre- 
sponding measures of precision (eg, SDs, SEs, 95% GIs) 
and number of participants analysed. Each study will 
contribute one overall effect size, and we will extract 
information on potential moderators (eg, studies strati- 
fied by sex, ethnicity, weight status) for later subgroup 
analyses where possible. 

To account for the differing unit of measurement we 
anticipate across studies, we will calculate standardised 
effect sizes. Intervention effects for each study will likely 
be represented by the standardised mean difference in 
outcome, calculated as the physical activity level at 
follow-up adjusted for physical activity level at baseline 
(or mean activity change from baseline) divided by the 
pooled SD of change in physical activity from baseline. 
Effect sizes for all included studies will then be com- 
bined using a random-effects model to derive an overall 
summary (average) effect estimate (and 95% GI) and 
assessed against previously used criteria (ie, overall stan- 
dardised mean difference of —0.2 is considered small, 
—0.5 moderate and —0.8 large. ^^). Predefined subgroup 
analyses will be conducted (age, sex, ethnicity and 
weight status), and issues of outlier and publication bias 
considered. All computation and analysis of data will be 
conducted using STATA software by one author (HEB), 
in collaboration with a second author (EvS). Results of 
the meta-analysis will be reported using a forest plot of 
the overall standardised mean difference. 



Table 2 Descriptive characteristics of included studies 


^ Participants 












H (n, children 


Physical 










^ analysed; 


activity 








Outcome 


mean years 


measurement 




Intervention 


Control 


(PA 


Study (first Design (study of age±SD at 


(assessment 




(intervention 


(where 


change 


author; year design; level of baseline; % 
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Intervention 
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applicable, 


and 


of randomisation male; mean 


measure used; 
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delivery; 
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statistical 
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theoretical 


of any 
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000 
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DISCUSSION 

This review will be the first to use the fi:-amework of a 
traditional review to conduct a dual meta-analysis and 
realist synthesis. This combined approach will offer both 
a quantitative and a qualitative exploration of the avail- 
able evidence. Each method answers the criticism of the 
other; a rigorous meta-analysis will provide a numerical 
evaluation of intervention efficacy, while a well- 
conducted realist synthesis will explore study context 
and mechanisms. This innovative method will therefore 
comprehensively examine interventions that explicitly 
engage the family unit to increase physical activity in 
children. The meta-analysis may also identif)^ specific 
subgroups for whom interventions are most effective, 
and will offer an integrated summary of available evi- 
dence. The realist synthesis will contribute to under- 
standing factors that may mediate or moderate 
intervention outcomes, further informing the develop- 
ment of robust interventions. This may subsequently 
direct policymakers and practitioners towards actions 
that are likely to bring about positive behaviour change. 

In addition to offering a more exhaustive assessment 
of published studies, this review will supersede existing 
reviews^^ by including substantially more interven- 
tions. A brief scoping review identified a number of 
interventions published within the past 5 years, indicat- 
ing the need for an update in this field. Exploring the 
most recent evidence available, particularly given the 
advances in physical activity measurement^^ and the 
application of new technologies in changing behaviour 
(eg, study material delivered through mobile phones or 
tablets), will provide a contemporary summary of 
effective techniques. Such synthesis will then inform 
future work aimed at improving and maintaining phys- 
ical activity levels at the critical juncture before children 
progress to secondary school. 

Potential limitations 

The proposed work may have several limitations. As in 
previous reviews, we will be reliant on peer-reviewed 
published data (rather than including grey literature). 
While this will ensure a focused, and therefore manage- 
able, number of studies are reviewed, it does make the 
review vulnerable to publication bias.^^ Additionally, 
we have not built study author contact into our review 
protocol. Given the expected range of study dates of 
publication (ie, previous reviews have included relevant 
interventions published as early as 1970), we anticipate 
difficulties in obtaining the data. While we acknowledge 
the aforementioned publication bias, in reviewing only 
published information we avoid skewing the results in 
favour of those studies conducted most recently. 

Dissemination 

The results of this study will be disseminated to aca- 
demic and non-academic audiences through peer- 
reviewed publications, conferences, formal presentations 
to policy makers and practitioners and in formal 



stakeholder meetings. Evidence generated from this syn- 
thesis will also be used to inform the development of 
theory-driven, evidence-based interventions aimed at 
engaging the family to increase physical activity levels in 
children. 
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